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MINOS Overview

« MINOS (Main Injector Neutrino Minhesota
Oscillation Search)

* High intensity NuMI Vi, beam produced at
Fermilab

lowa A
- Near Detector at Fermilab Fermilab

Hlinois

- Far Detector, 735 km away, in the Soudan
mine, MN

Missouri

* Basic Concept:

+ Compare Far Detector observations with 738 km

extrapolation of Near Detector
measurement to study neutrino
oscillations

Fermilab
}(/’_ 10 km
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MINOS Oscillation Measurement Né

« Compare unoscillated Far Detector prediction from Near Detector with
Far Detector measurement

* Neutrino oscillations deplete rate and distort the energy spectrum
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MINOS Oscillation Measurement Né

« Compare unoscillated Far Detector prediction from Near Detector with
Far Detector measurement

* Neutrino oscillations deplete rate and distort the energy spectrum
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NuMI| Neutrino Beam at Fermilab Muon Monitors
Absorber
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L L L
v, Spectrum

Monte Carlo v, spectrum
Neutrino mode
Horns focus z*, K*

* Horns focus 117, K*, which decay into vy

- Higher energy v, from very forward 1T
30

25E

v, = 017% 3 * Most of MINOS beam data taken in this
fg v, =7.0% configuration
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Creating a v, Beam
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Ratio n* /7

Why is the v, peak lower?

: MINOS Prénmina'ry
[ —— GFLUKA

[ —— FLUKAO1 3
__ ........ FLUKAOS

0

10 20 30 40 50 60 70
P, [GeV/c]
Eur. Phys. J. C 49 897 (2007)

x 108 cm?/GeV

o
E

1.0 F——

09 F
0.8 F
0.7 F_
06 [
05F
04|

0.3

0.2 f
01}

i Y :
St godie]

et

o

LR 10 A A

— —— MINOS E

:— — world cross-section 30-50 GeV _:

0.00 - 1|0‘ II 20 | 30 40 5|0

Neutrino Energy(GeV)

Phys. Rev. D 81 072002 (2010)

. Why is the V,, peak lower by a factor of 37
x|.3 from lower TT" production
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Accumulated Beam Data
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e 10.7x10%° POT in LE neutrino running
e 3.36x102° POT in Antineutrino running
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+ Magnetized tracking sampling calorimeters

[

D

D

Veto

planes0:

Near Detector
~| kton (980 ton) total mass

Located | km downstream of the target at
Fermilab

100 m depth

Most planes are Partial, with 1in 5 Full I Full planes only, 1in 5 instrumented, bare steel between

Target Hadron Shower Muon Spectrometer
20 planes 21:60 planes 61:120 planes 121:281

Far Detector

5.4 kton, 2 supermodules

Located 735 km away in Soudan mine, MN
714 m depth

*

June 19, 2012

* Functionally equivalent: same segmentation, same materials, same mean B field
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SteeI/ScmtlIIator Tracklng Calorlmeters
* 2.54 cm-thick steel plates (5.96 cm between
plates)

* | cm-thick, 4.1 cm-wide extruded polystyrene
scintillator strips

+ Can measure muon energy from range in
detector or from curvature in B field

Able to distinguish u* from p-

y [m]

R I NN - NN SRR R
L RR as R e L R N e

Clear
Flber cables

2.54 cm Fe

) Extruded
* Both magnetized with <B field>~1.3T Mé4 scint. strips

4.1 x 1 em?

U V planes
+/- 45°
\& WLS fiber

Multi-anode PMT
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Event Topologies 7

vy CC Event v, CC Event NC Event
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Disappearance Measurements
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Event Selection

- —
B [*2] 0o o N
o o o o =

Events x10*/ GeV

N
o

T T TTT T T T

—+— MINOS Near Detector Data
o9 — MC
MC Uncertainty

[—] NC Background

MINOS Near Detector
Low Energy Beam, v -mode

7.29 x10%° POT
MINOS PRELIMINARY

I

* Muons from Vy, v CC interactions selected by
multivariate algorithm based on a k-Nearest-Neighbor

technique

* Rejects neutral current backgrounds and high-y CC

events

* Vu CC candidates identified by positive reconstructed

muon charge

* v contamination at higher antineutrino energies
does not affect v, CC oscillation measurement

June 19, 2012
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Predicting the FD Spectrum Né

Use the Near detector data to predict Far detector without oscillations

* FD energy spectrum without oscillations is similar to 1/R?-scaled ND but not the same

%
Decay Pipe \

E,~ 0.43E,/ (1+y,20,2)

ND

* Neutrino energy depends on angle with original pion direction and parent pion energy

+ Obtain Far Detector spectrum from Near Detector using a beam transfer matrix

N
=
(=]

100

Events/Kton/1x10'® POT

 Matrix encodes knowledge of meson decay kinematics and beamline geometry

w
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Muon Antineutrino Results <Vé
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28 1 v, Statistical Sensitivity 68% C.L.
27F v, Statistical Sensitivity 90% C.L.
T ogl
< 2.6 -
o -
@ 25 Systematic
o B .
— - Uncertainties:
24 *‘
Al =
- - .
< 231 Neutrino

2.2 |- MINOS Preliminary

73 || S

- 10.71x 10%° POT, vu-mode Monte Carlo Simulation

| 0.9 |
sin’(26)

0.85

* Largest systematic uncertainties from:

* Hadronic Energy Scale

* Track Energy Scale

* Neutral Current Background

June 19, 2012
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LT

Monte Carlo Simulation
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* Both measurements still
statistically-limited
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vy In Neutrino Running

MINOS Preliminary

—— MINOS Far Detector Data
Prediction, No Oscillations
Best Fit

+ [ Background

5 10 20 30 40 5

0

30+
> .
) .
(O I
S~ L
(D |
e
= .
w —
> 10—
LIJ -
0
0
> 60—
m f—
O i
~~
w40
[2) .
(o L
g .
L 20—

Reconstructed v, Energy (GeV)

MINQOS Preliminary 7

4

| [ Background

—+— MINOS Far Detector Data __
Prediction, No Oscillations
Best Fit ]

4

|

5 10 20 30 40 5
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0

| .

Analyze 7% antineutrino component of
neutrino beam

Complementary information from higher
energy events

Combine with results from dedicated
antineutrino running

Prediction, No Oscillations: 536 events

Observed: 414 events

|AMZ, | = 2.6070 35 x 107 %eV?

atm —

sin®(26) > 0.80 (90% C.L.)
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« MINOS has accumulated 2553 live
days or 37.9 kton-years of
atmospheric neutrino data since

2003

+ 2072 atmospheric neutrino
candidates observed

* Ocscillations clearly seen

 Magnetic field allows for event-by-
event charge separation

« Competitive antineutrino
oscillation measurement!

0 1 2 3 4
Iog1 0(L[km]/E[GeV])

L S . T . A T

MINJOS Pr‘elilminary

0.6 0.8
sin®(20)

1

- Neutrino-induced rock-muons -

MINOS Preliminary
No Oscillations

—— MINOS Best Fit

B Cosmic-ray u

—=— Data

0 1 2 3 4
Iogm(L[km]/E“[GeV])
8 3 — —r—
"MINOS Atmos v, 37.9 kt-yrs-
V  * BestFit
- 68% C.L.
=~ 80% C.L.
— 8% Ul

06 08 1
sin(20)
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Beam + Atmospherics

| MIN oS PRELIMINARY S

“V Neutrino mode ; ;V 'Neutrino mode ] 'V Antineutrino mode |
< 500 "H 10.71x 10*° POT 1 =20 1 1071x10* POT 1 > ol M 3.36 x 10°° POT
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O 400F —— MINOS data 1 Ok 10
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* Include |5 sources of systematics uncertainty as nuisance parameters in fit when
including atmospherics

* Oscillations are a good fit: 64% of pseudo-experiments have worse X?
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Beam + Atmospherics Results N

* Allowed 90% C.L. regions for combined fit

 Two parameter fit: assumes identical neutrino/antineutrino oscillations

[ —v,-beam (7.2x 102 POT) 90% C.L. ]
~~ s 20 -
(q\| | —v, -beam (10.7 x 10~ POT) N . .
S 2.8 e . |1  Combined Best Fit Parameters
O | — eam + atmospherics i
i | _ +0.09 —3, 172
7, 2.6f 10 |AmZ,, | = 239757, x 107eV
Z 7 sin?(260) = 0.9677 04
~ 2.4 al B
(\E | 1 S11 (29) > 0.90 (90% CL)
| 379 kiloton-years B
< 22— 14.1x 10% POT (v, and v,-beam) .
I\/IINOS PRELII\/IINARY |

A

2 T S B T N
0.8 O 85 O 9 0.95
sin“(290)
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World Picture (MINOS, SuperK, T2K) ;¥

w
o

— MINOS 10.71x 102 POT (v ( 2) -

+3.36 x 10% POT (v,) + 37. '9 kton- -years .
— Super-K zenith angle |
— Super-K L/E*
— T2K**

*Neutrino 2010
**PRD 85, 031103(R) (2012)

1 5 MINOS PRELIMINARY 90% C L ]
0.8 0.85 0.9 o 95 1
sin%(26)

MINOS makes a ~4% measurement of |AmZm| !

IAm?| / (10 eV?)
N
""|""c|n""|""
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Y

Beam + Atmospherics v,

* Results for combination of beam and atmospheric antineutrinos

* Four parameter fit: neutrino and antineutrinos may oscillate differently

3.5 A B AL
MINOS PRELIMINARY"

— MINOS vy All Beam

S 3F Combined v, Best Fit Parameters
Q) : ( =)
o i —2 +0.22 —3 72
< leoncL sin®(26) > 0.83 (90% C.L.)
oV} - — MINOS v, Antineutrino Beam \_ y
€
<

2 | — MINOS v, All Data 37.9 kt-yrs. Atmospheric
- * V, Best Fit 10.71x 10%° POT, v, Mode
i 3.36 x 10°° POT, v, Mode
15..I....|....I....
0.7 0.8 0.9 1
sin<(20)
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| .

Beam + Atmospherics v,

* Results for combination of beam and atmospheric antineutrinos

* Four parameter fit: neutrino and antineutrinos may oscillate differently

S e T T T T T s PRIy -
[ — MINOS Atmosphericv, ~ * VuBestFitAl i
AN
Al 4__ — MINOS ¥, Antineutrino Beam T . . .
= [ —MINOs¥, All Data -~ 1 Combined vy Best Fit Parameters
o - ---Super-Kv,* -l i
™ 3— \ s ~
' i . +0.22 —3_ 372
o | |AmZ, | = 2.48%)% x 10~ %eV
< o . 9=
S § sin“(260) > 0.83 (90% C.L.)
e I N D \. J
< 1336 x 102 POT, v,-mode =
" 10.71x 10%° POT, v,-mode :
- 37.9 kt-lyrs. Atmosplheric Exp. | *arXiv:1l1 09.1621 1
06 07 08 09 1
. 2 —
sin“(20)
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Neutrinos vs. Antineutrinos

A\
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— MINOS v, All Data
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\S)

-k
0]
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N
9]
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|

Neutrino and antineutrino results very consistent with each other
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Appearance Measurements
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IVIINOS Search for 613

Probablllty for Ve appearance in a _ Am3, 1

A= —5 ~ —
Vu beam is given by: Am3, 30
-

o e C } in®(A —1)A in2 AA
P((I/L = (V)e) ~ ((5in’ 26, sin” 023 Sm(f(l = 1)2) - a? sin? 26015 cos> 923SIHT
sin AA sin(A — 1)A
+20fsin 013 cos@m 2015 sin 2053 7 ((A 1)) cos A
+ sin AA sin(A — 1)A .
(—)20@11& 2015 sin 2053 1 ((A = 1)) sin A

Probablllty depends on 9|3 and 6cp

0.15g——

L= 735km
sin’(20,,) =0.15

= 040 A, >0 -

T s ] _ _

= 0=0 I ocp #0? => P(v, — v.) # P(v, — ve)

o —0=m/2 -
—d=m

10

I2lll4lll6lll8ll
Neutrino Energy (GeV)
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IVIINOS Search for 613

Probablllty for Ve appearance in a r :0 ane Am31 Am21 1

Vyu beam is given by: V2A ~ 11 GeV  Ami, 30
-

P— “(A-1
P(v, > V,) =~ @mﬂ 023 sm(/(l —1) )2 + a? sin® 20,5 cos® a3 —smA;élA
:" AA sin(A —
+20fsin 013 cos@m 2012 sin 2053 smA sm((A 1))A cos A
. T AAsin(A - 1)A
‘ ’m@m 2015 sin 203 > - Sm(( . 1)) sin A

e | 12tter effects => dependence on mass hierarchy

Coherent forward Ve-e OB
scattering changes osc. prob. Normal - ' L =735 km
L x Hierarchy sin(20,,) = 0.15
© R =y ‘-
T -
=
KWW @ g.05 _
]
Ve A W A€ Inverted e I ]
Hierarchy * 0.0 —————f——
E——————N Neutrino Energy (GeV)
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Signal and Backgrounds

' ENC Event =

et €
N
T T

Reducible
Background

Transverse Position (m)
e
N
T T 17T

, Transverse Position (m)
=]

e
>
T TT

o
(=]
T TT

1 | 111 | L1l | 111 | L1 | L1 | 111 | 11
02 0 02 04 06 08 1
Depth (m)

-0.4

o
o

__|||||||||||||||||||
||

' _ NC Event + 1°

=)
»
=]
S

o

[Y)
o
(%)

Signal
Irreducible

Background

(=]

Transverse Position (m)

(=]

() =) 3
Transverse Position (m)

\
o
(Y

o

FS
I
FS

e
o

Depth (m)

» Steel thickness ~ 1.4 radiation lengths, strip width > Moliere radius
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Electron Neutrino Selection (V

* ldentifying CC V. candidates in MINOS is challenging

* Use a computer-intensive technique that matches data events to a library of
MC events (LEM: Library Event Matching)

* Discriminant variable is based on truth information from the library events
that best match the candidate

' T | T w T T T 1 * ' [ T T * w T T T 1 T
~ MINOS Far Detector (Preselected) | ~ MINOS Far Detector (Preselected)
'15_* MINOS PRELIMINARY ] .15_* MINOS PRELIMINARY

0 0

v-mode

v-mode

Monte Carlo Monte Carlo

— Background — Background

— Signal — Signal

(Area Normalized)
(=]
=

(Area Normalized)
o
=

Neutrino | ntineutrino

0'0%.0 0.2 0.4 0.6 0.8 1.0 0'0%.0 0.2 04 0.6 0.8 1.0
LEM Selection Variable LEM Selection Variable
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Neutrlno Runnlng

300 ‘MINOS Far Detector -
= v-mode ]
8 ~MINOS PRELIMINARY .
8° _ _ Background sin2(2913).=(2.053, Am2,50 |
200 — Prediction 8cp=0, 2sin’(6,;)=1.0
X - + Best Fit Signal i
m B - V, . -
c- i (VetVye) 1
: L -l Data Analysis |
2100 Region
c
m -
> L
wl

0 _ I | I | | \ | , |
0 0.2 0.4 0.6 0.8 1

LEM Selection Variable

Observed: 88 events

013=0 Prediction: 69.1 background events
sin2(20:3)=0.1: +26.0 events

Antlneutrlno Runnlng

T I :
60 — —
MINOS Far Detector |
= v-mode
[e] -MINOS PRELIMINARY |
(o | . ) 1
8 ___ Background s'"2(2913).—2-053, Am3,>0
S 40— Prediction 8cp=0, 28iM%(0,)=1.0 —
X T ___ BestFit Signal |
o N (VetVe) |
0’5 —>
2. | - Data Analysis .
£ 20~ Region _
o i _+_ _
>
1] i +
0 I | I | . | | I
0 0.2 0.4 0.6 0.8 1

LEM Selection Variable

.
Observed: 12 events

013=0 Prediction: 10.5 background events

| sin*(2013)=0.1: +3.1 events

J
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Ve Appearance Contours /¥

2 i . .
Am?>0 : * Assuming 0cp=0,  sin?262;=|
= MINOS Best Fit ]
1l 68% C.L.

—polpiy : [ sin?26;5 = 0.053 (0.094)

* Best fit for normal (inverted) hierarchy:

o ()

e Exclusion limits

e [ 0.01 < sin? 2033 < 0.12 at 90%C.L]

AM? <0 (0.03) (0.19)

10.6x10% POT v-mode | « MINOS excludes sin?20,3=0 at 96% C.L.

3.3x10% POT v-mode ]

o (m)

MINOS
- PRELIMINARY
| IR R T T I R T T
0.G 0.1 0.2 0.3 0.4
2sin’(20,,)sin’0,,
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Mass Hierarchy and Ocp @
: Usin‘g the récént m>s‘ur'e.mets bf 9| by réactor evxperiments, some corﬁbinations 6f -
mass hierarchy and Ocpare disfavored by the MINOS data

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

=== Normal Hierarchy MINOS B
- === |nverted Hierarchy PRELIMINARY _
0,3 =0.159 £ 0.011
0,3 =/4 £ 0.10

-t
o
(=)

10.6x10*° POT v-mode
3.3x1 0°° POT v-mode
0.0 0.5 1.0 1.5
o (m)
* Pseudo-experiment studies show that we favor the correct hierarchy in 60% of the
experiments (compared to 50% by chance)

Exclusion Confidence Level (%)

g
(<)

« Slight preference for inverted mass hierarchy with -2AInL=0.20
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- The MINOS detectors will continue operating during > o ;f:zi?g?o":,m
the NOVA run, using the NuMI beam upgraded to ¢5 1000
700 kW beam power ; — MINOS+
 Run for 3 years with at least | in antineutrino mode "d:'; — NOVA
* Medium Energy beam peaked at ~7 GeV (4000 v, CC I.|>J I MINOS
events/year expected at the FD ) O 500_ Preliminary
+ 80 tau neutrino CC events/year expected o
3.
> -
15— — 0 ‘ ' -
B MINOS+ Simulation i 0 10 15 20
! | E, (GeV)
z |
8 1 .
8 * Improve precision of current
o
g ﬁ¥—+——+— : MINOS measurements
305 - e oS 0 mo . Prqbe oscillations in higher energy
= 0.6x102' POT 1 regions
1.2x10%' POT '
— B +.exi0 poT ] - Sensitivity to exotic signals
o 5 10 15

Neutrino Energy / GeV
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0.0026FT — — ™ '
0.0024—
N> »
A
E
E I
0.0022,. — MINOS 2011
' | —— MINOS+
| —— NOvA
— All
| 1 | l | | 1
0.0020; 35 0.9

« Sensitivity after 3 year of MINOS+

* MINOS+ measurement of Am? will still dominate during first year
(2013-2014), as NOVA Far Detector only ~50% complete

June 19, 2012
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MINOS and MINOS+ NSI

MSW matter effeCtS (]V Am%] = COS 2923 sin 2323 + \/EG N( ) 8;# 8;’” - \—/') _ (V v )T
— = - r v, =
3O T T T T T T TR dt 4E, sin 26,3 oS 263 File sz’; ol T
28 . N Alexander Friedland,
« o26b F MINOS: v, and v, Disappearance Cecilia Lunardini,
0 245 ; - rrrprr e p e e e ettt Phys.Rev.D74:033012, 2006
° T ] - Integrated 5 to 10 GeV .
= 22 = . — J.Kopp, P.A.N. Machado
E 20 — 6% = - and S.Parke,
2 °F 7.09x 10°POTv-mode | Phys.Rev.D82:113002 (2010)
18 —o0% 295x10° POTv-mode 1
16[ * Bestft MINOS Preliminary - 7]
[ S B B B BT § o _
03 02 -01 0 0.1 02 LERLERESIEE 000 LERREl
=
00— I MINOS -
< & 01| MINOSs+ -
€ ) i Limit i
5 ] [ |2-year v Run .
— 68% L . _
s TOhcHSPOTEmde = Plot from S.Parke
295x 10 POTv-mode = -]
[ * Bestiit MINOS Preliminary 7] )~ ) S T | L1 11 I ] I (I ] T
0-8_‘6.3' = _0'2 = _0'1 — (') = '0'.1' = '0f2 0.0 0.1 0.2 0.3 0.4 0.5
€ —€,,.
Am? = 2390135 5 1036V H
sin?(26) > 0.91 (90% C.L.) * NSI parameter €, can be significantly constrained thanks
—0.200 < £,,; < 0.070 (90% C.L.) to MINOS+ large statistics
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Search for Extra-Dimensions {Vé

MINOS, L = 735 km (without matter effect)

].0 l‘llillllllllll]l|IllIIIIlllll|IIIIIIIIlll|Illll[lllllllllLIllLLLl_l_l_l_lJ_l_T_
| | ARARN RRALN LELE

0.8 =~
~, 0.6 |H -
> ] i
o H 1
3: A Standard (Normal) .
~ 041 ---- Standard (Inverted) -
[ — R =5x10"m (Normal) i
] — = R=5x10"m (Inverted)
02 B 2 ) 5 2 ]
. d=0  sin'0=0319 Am’_ =7.56x10"eV" -
I sin'20,,=1  sin’20, 007 Am’ =249x107eV’

|I|i |||l|||IIIIIIIIIllIlIlI‘TI|IIIIIIIIII|I|I[IIIIIIIIIIIIIIIIIIIIIIII

0.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Neutrino Energy (GeV)

* Machado, Nunokawa, Zukanovich Funchal Phys. Rev. D 84, 013003 (201 1)

* Right-handed neutrinos propagate in extra-dimension of size R. Kaluza-Klein modes
mix with regular oscillations

+ MINOS+ can exclude extra dimensions with R > 0.] micron

+ Better than NOVA and T2K due to KK effect mostly at higher energies
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Sterile Neutrino Mixing

+ MINOS+ large statistics can improve significantly =
disappearance constraints on sterile mixing models 1
=

o

- Plots below show MINOS+ 0,4 90% C.L.
sensitivity compared with other disappearance

eXpeI"i ments 04 No sterile neutrinos
* Will also make measurements in dedicated 0.2 AME, = 2x107 6V2, sif(26,,) = 0.2
antineutrino running (~1-2 years) o
Energy / GeV

10° 10?

1.2x10%" PoT MINOS+
Vv, running

1.2x10%' PoT MINOS+
v, running

2 2
Amy, / eV
A2, | eV?
m,,/e

S

1 /] MINOS+ 90% CL sensitivity 1L
= [ comsgowcL E 7777 MINOS+ 90% CL sensitivity
[ [ ccrroowcL C [ CCFR90% CL
1o I oo so% o 1 - [ MiniBooNE 90% CL*
= SciBooNE + MiniBooNE 90% CL 10 S
L . " *Updated at Neutrino 201
10- 3 I — 2 L L R | L L Ll
10 10 107 1 1072 - :
10° 10
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102 T T T

10

I I IJIIIII’

[ ]LsSND 90% cL
[ LSND 99% CL
------ KARMEN2 90% CL
----------- BUGEY 90% CL*
—— MiniBooNE 90% CL —

— MiniBooNE 99% CL
MINOS+ & Bugey

T TTTH

1

(oV]
E1b —
< o ]
107 ]
B * GLoBES 2012 fit with new reactor fluxes, ]
courtesy of P. Huber ..,
10-2 | ||||||||3 A NERET L Lritll | ||1.1|||
10™ 10 120'2 10"
Sin“20 ¢

« Combining the disappearance constraints

from MINOS+ with complementary
disappearance constraints from reactor
experiments, the low-mass LSND
appearance signal can be almost ruled out

* Note: sin?20e=4|Ue4|2x|Up4|?

10!

i i Bugey 3
ILL fluxes —_ 2 parameter fit
- :é_;___::» 90% CL 2dof
— <:-- ——
L] Ty T
3 <
4
) )/
107" 7 /-~ newfluxes
102 GLOBES2012 Plot from P. Huber
1072 107" 10°
SiN®2f.e
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Summary

* Analysis of the MINOS complete beam+atmospheric data sample
provides most precise measurement of atmospheric mass-squared
splitting for both neutrinos and antineutrinos:

(
Am?_ | =2.3910:99 o 103eV? Am £ ) AT R s i e
atm 0.10 atm

027
sin (29) = 0. 96+8 821 Sin (29) — (il 97+8 83

* Searches for Ve appearance find:

Assuming 0cp=0, sin22023=1, NH

0.01 < sin2 2605 < 0.12 at 90% C.L.

(0.03) (0.19) (IH)

MINOS excludes sin?20,3=0 at 96% C.L.

- Starting in 2013, MINOS+ will be a discovery instrument for the next

decade and will contribute higher precision measurements, as well as
test exotic neutrino models

* New neutrino surprises could be just around the corner!

June 19, 2012 Alex Sousa - Project X Physics Study Workshop, Fermilab



	Sousa_MINOS_PXPS_June2012
	Sousa_PXPS_MINOS.pdf
	Sousa_MINOS_PXPS_June2012_1
	Sousa_MINOS_PXPS_June2012_2
	Sousa_MINOS_PXPS_June2012_3
	Sousa_MINOS_PXPS_June2012_4




